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To reaffirm that despite feelings to the con-
trary in some quarters, total R&D spending
by semiconductor companies exceeded
$30bn in 2005. IC Insights says this is an
increase of nearly 10% from 2004.
Overall, R&D spending by all semiconduc-
tor companies worldwide grew at an annu-
al average rate of 9% between 2001 and
2005.The world’s 30 largest fabless semi-
conductor suppliers increased their R&D
expenditures at double that rate during the
first half of this decade.This information
was derived using company profile infor-
mation found in IC Insights’ newly revised
Strategic Reviews Online database,
www.icinsights.com.
Our cover photo this issue comes from
work recently published describing nanoin-
dentation of GaN-on-sapphire which result
in improved materials for optoelectronics.
In a recent issue of Materials Chemistry
and Physics journal [Vol. 99, Issues 2–3, 10
October 2006, pp. 410–413] a “pop-in”phe-
nomenon during nanoindentation in epitaxi-
al GaN thin films on c-plane sapphire sub-
strates was reported.The new work was
reported by R. Navamathavan and co-
authors, from the Nanophotonic
Semiconductors Laboratory, Gwangju
Institute of Science and Technology, and the
Chemical Metrology and Materials
Evaluation Division, Korea Research Institute
of Standards and Science, Republic of Korea.
Successful fabrication of optoelectronics
based on thin films requires an understand-
ing of the mechanical properties of this
material as well as its optical and electrical
properties.This is of special concern since
heteroepitaxy using typical substrates (e.g.
sapphire) involves a high lattice mismatch.
Also, compared to bulk single crystals, the
deformation properties of thin films can
differ because they strongly correlate to the
geometrical dimensions and the materials’
defect-structure.
GaN thin films on sapphire substrates have
a large lattice mismatch (about 14.5%) caus-
ing in-plane tensile strain in the GaN layers.
It can also result in wafer bowing when
cooled down from the growth tempera-
ture.As misfit dislocations at the interface
degrade device performance (carrier mobil-
ity, luminescence efficiency etc.), it is of
interest to study the mechanical properties
and a very good way to achieve this is
through the nanoindentation technique.
There have been some reports on the
nanoindentation studies of bulk single crys-
tal and epitaxial thin films of GaN by differ-
ent groups. During indentation loading of
GaN film, a discontinuity (so called “pop-in”
or “burst”) in the load-displacement curve
has been observed by some workers.
Twinning, slip band movement and disloca-
tion nucleation and mechanisms have been
proposed to explain this “pop-in” event.
However, the occurrence of “pop-in” event
observed in some of the published work is
still a matter of debate and remains unclear.
So, Navamathavan report how this “pop-in”
phenomenon occurred in heterostructures
and the possible mechanism.
AFM studies on the residual indentation
impression revealed no micro-cracks even
after the indentation beyond the critical
depth.The authors consider the physical
mechanism responsible for the “pop-in” is
explained by the interaction of the
deformed region, produced by the indenter
tip, with the pre-existing threading disloca-
tion in the epitaxial GaN thin films.
Contact: n_mathavan@yahoo.com
Smart microchip grant
Welsh scientists with help from two local
semiconductor companies have been
awarded a $1.86m grant to drive forward
smart microchip technology targeted at
reducing the world’s energy consumption.
The research team at Swansea University’s
electronics systems design centre was
awarded the funding through the DTI tech-
nology transfer competition.They will carry
out the project in partnership with Zetex
and X-Fab, the two largest semiconductors
companies in the UK. Swansea University
said its success in the DTI competition 
was enabled by a three-year collaborative
industrial research project and follow on
patent and proof of concept support to
develop smart microchips, funded by the
Welsh Assembly.
“The Assembly Government is actively
assisting collaboration between industry
and academia to further increase the R&D
capacity of Wales,”Andrew Davies,Wales’
minister for enterprise innovation and net-
works, explained in a statement.
The centre estimates that power manage-
ment through smart chip technology could
allow over $400 bn in electrical energy
annual savings.
“The technology has the capacity to make a
significant impact both on next-generation
industrial competitiveness and on sustain-
ability issues in the field of engineering,”
Petar Igic, the director of the Swansea
Centre, said in the statement.“The commer-
cial potential is massive.”
Sub-100nm X-ray Masks
JMAR Technologies, Inc., has received a
$3.1m award by Naval Air Systems
Command (NAVAIR).This is the latest incre-
ment to be added to JMAR’s current con-
tract, valued at $17.5m, to continue devel-
opment of sub-100nm feature x-ray masks
and next generation nanolithography.
Under this contract, JMAR will use its
patented x-ray stepper and point source
technologies to develop x-ray masks for 
fabrication of high-speed C-RAM with 
50-35 nm features, enabling 16 megabyte
and higher densities for high priority mili-
tary and space applications.
The C-RAM program is a joint Navy/Air
Force development effort for radiation-hard-
ened, low power, silicon memory devices.
This advanced technology has several com-
mercial applications: as memory densities
increase, C-RAM will be a faster,
lower power replacement for non-volatile
memory applications currently using flash
in cell phones, portable computers and
solid-state mechanical hard disks.
Web: www.jmar.com
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Intel First to Demonstrate
Integrated CMOS Tri-Gate
Transistors
Intel researchers have developed improved
CMOS tri-gate (3-D) transistors, which are
the first to integrate high-k gate dielectrics
and strained silicon to produce record drive
currents and transistor efficiency.
These transistors are a critical part of Intel’s
energy-efficient performance goals. Since
they greatly improve both performance and
energy efficiency, Intel expects that tri-gate
technology could become the basic building
block for future microprocessors sometime
beyond the 45-nm process technology node.
“These results demonstrate Intel’s leader-
ship approach to new advancements in
processor technology,” said Mike Mayberry,
Intel vice president and director of
Components Research within the
Technology and Manufacturing Group.“Intel
has successfully integrated three key ele-
ments - tri-gate transistor geometry, high-k
gate dielectrics, and strained silicon technol-
ogy - to once again produce record transis-
tor capabilities.These results give us high
confidence that we can continue Moore’s
Law scaling well into the next decade.”
Planar (or flat) transistors were conceived in
the late 1950s and have been the basic build-
ing block of chips since the dawn of the semi-
conductor industry.But as semiconductor
technology moves deeper into the realm of
nanotechnology (dimensions smaller than 100
nm),where some transistor features may con-
sist of only a few layers of atoms, leakage
power - which generates heat and lowers
power efficiency - becomes a major challenge.
To meet this challenge, transistor technolo-
gy that was previously thought of as “flat” is
now being designed in three dimensions for
improved performance and power charac-
teristics. Intel, leading the industry in pro-
ducing high volumes of ever-smaller chip
geometries, has created a way to use one
such three-dimensional type, specifically tri-
gate transistors in concert with other key
semiconductor technologies, to enable a
new era of energy-efficient performance.
Figure 1 illustrates the new tri-gate feature.
Teamwork Award
R&D can be a solo effort or at least seem to
be but teamwork is usually the preferred
route. It can produce rewards in several
ways. For instance, Epichem has been
awarded a prestigious teamwork award by
the Royal Society of Chemistry (RSC) for its
collaborative research with Liverpool
University.The RSC Teamwork in Innovation
2006 award was judged on interactions
between industry and the academic sectors
that have successfully enhanced the state-of-
the-art and can be exploited commercially.
Epichem has worked closely with Profs
Tony Jones and Paul Chalker and Dr Helen
Aspinall in the Chemistry and Materials
Science Departments on the topic of novel
precursor development for CVD/ALD of
hafnium and rare earth oxides.A new range
of products suited to the growth tools that
produce excellent quality films was demon-
strated and is currently being introduced to
the semiconductor market commercially.
The Award ceremony was held in London at
RSC headquarters with Paul Chalker
(Liverpool) and John Roberts (Epichem)
accepting the prize.The judges commented
on how they were impressed with the
multi-disciplinary nature of the collabora-
tion.The collaborative team assembled to
perform the project work comprised per-
sonnel with extensive experience in the dif-
ferent aspects required for this multidiscipli-
nary project: precursor chemistry, deposi-
tion process development and chemical fab-
rication on a commercial scale.
The three researchers from Liverpool formed
an integrated team to develop a range of pre-
cursors suited to highly advanced chemical
vapour deposition (MOCVD and ALD)
processes.The chemistry personnel utilised
their significant skills in novel compound syn-
thesis and characterisation to isolate a range
of potentially useful Hf precursors for testing.
The materials scientists employed their
expertise in deposition process assessment to
identify the optimum performance precur-
sors and to demonstrate high quality HfO2
film growth. Results from the academic part-
ners were transferred to Epichem to employ
their production technology expertise to fab-
ricate larger scale precursor volumes in a reli-
able fashion to launch a new product range.
The project success may be judged on the
advances in the state-of-the-art achieved
using the new precursors and also the
advanced commercial position of Epichem
as one of the leading specialty chemical
suppliers to the semiconductor market.
Web: www.rsc.org/ScienceAndTechnology/
AwardsAndFunding/Innovation/teamwork.asp
Chalcogenides Project
The CHEMAPH project aims to deliver a
high-performance deposition system for
chalcogenides and involves several leading
participants across Europe.
AIXTRON AG and other leading companies
and research institutes are participating on a
2-year European Commission-funded project
called “CHEMAPH”or Chemical Vapour
Deposition of Chalcogenide Materials for
Phase-change Memories, aimed at the devel-
opment of chalcogenide-based phase change
materials and deposition technology.
The consortium carrying out this study con-
sists of three academic and three industrial
partners from five European countries,
namely CNR (National Lab MDM-INFM),
Italy; ST Microelectronics, Italy; Epichem,
UK; Consejo Superior de Investigaciones
Cientificas (CSIC), Spain;Vilnius University,
Lithuania; and AIXTRON AG, Germany.
AIXTRON’s participation in this project is
expected to result in more rapid development
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Figure 1. In planar devices, the gate sits on top of a thin insulating layer, which sits on top of a “bulk”
or thick SOI layer. Leakage paths, indicated by the semi-circular arrows, cause unwanted power con-
sumption. This problem becomes worse as devices get smaller.
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and refinement of the range of its MOCVD
systems for this materials group.Active for
several years in the area of chalcogenides and
other demanding materials for the semicon-
ductor and display market sectors,AIXTRON
is looking forward to this new collaboration
with its European partners. Ultimately, the
project is expected to result in a high-per-
formance deposition system to build the
foundation of the commercial exploitation of
this family of materials in next-generation
memory devices.
Recently, the special properties of this
material class has generated specific atten-
tion for electronic memory applications,
due to its success as an optical storage
media material. Phase-change memories
(PCM) are some of the most promising can-
didates for next-generation non-volatile
memories, having the potential to improve
the device performance, compared to Flash
memories, as well as being potentially to be
scalable beyond the current generation
flash technology for which one outstanding
technological issue is the phase-change
layer deposition process.
Phase-change films are currently grown by
sputtering, a physical vapor deposition
technique, which has yielded demonstrator
chips for high density memories. However,
for continued down-scaling for nanoelec-
tronic device architectures, greater control
of film deposition over non-planar struc-
tures than is possible with sputtering is
necessary.This would allow lower program-
ming currents, leading to improved per-
formance and lower costs.
The project therefore aims at demonstrat-
ing the feasibility of a film manufacturing
process based on MOCVD.This technique
is known to enable the production of thin
films with superior quality compared to
those obtained by sputtering, especially in
terms of conformality, coverage, and stoi-
chiometry control, and it is believed, will
allow the implementation of phase-change
films in nanoelectronic devices.
The European microelectronics industry
has played a competitive role in the field of
non-volatile memories, both stand-alone
and embedded (e.g. smart cards), and
progress in the field of chalcogenide mate-
rial applications could help give the indus-
try a leading edge in this area.
CHEMAPH – Chemical Vapor Deposition of
Chalcogenide Materials for Phase-change
Memories – EU IST Project 027561.This is a
Priority 2 Information Society Technologies
Specific Targeted Research or Innovation
Project, which started on January 1st this
year and will last for two years. It is coordi-
nated by the MDM-INFM National
Laboratory of the CNR, Italy.The project
goal is to study a chalcogenide system and
develop methodologies to fabricate PCMs.
The MOCVD technique will require
matched precursors to produce films with
the correct properties and a wide range of
sources will be studied to identify the best
combination. Doping issues will also be
addressed in the second phase of the proj-
ect. Optical and electrical properties will
be measured to further optimize processes.
Web: www.mdm.infm.it/CHEMAPH
HEMT-based hydrogen sensors
Over the years, many solid-state hydrogen
sensors, based on different materials, have
been studied and reported. Beside sensors
based on silicon, compound semiconduc-
tor-based sensors are another choice due to
their higher hydrogen detection sensitivity,
widespread operating temperature, and
shorter response time. In Sensors and
Actuators B: Chemical Vol. 119, Issue 1, pp.
47–51, a comprehensive study of pHEMT-
based hydrogen sensors is given by Kun-
Wei Lin and Rui-Hsien Changa of the
Department of Electrical Engineering,
Chienkuo Technology University, in Taiwan.
The pHEMTs (shown below) were applied
to cover an extremely wide frequency
range. In fact, the remarkable saturation cur-
rent density meant that the sensor was suit-
able for operation at room temperature.
From the experimental and simulated data,
it was found that not only the Schottky bar-
rier height lowering but also the change of
the conduction-band discontinuity in a
hydrogen-containing ambience influenced
the characteristics of the hydrogen sensor.
The device was shown to be a candidate for
a high-power and highly sensitive hydrogen
sensor and pHEMT IC applications.
Patent update
The past month had been fairly quiet as
regards disputes – and then LED maker
Cree filed a patent infringement lawsuit
against rival LED chip-maker BridgeLux,
alleging that BridgeLux (formerly eLite
Optoelectronics) infringed US patents
#6,657,236 and #5,686,738. Cree’s ’236
patent, entitled “Enhanced light extraction
in LEDs through the use of internal and
external optical elements,” relates to light
extraction structures used in LEDs.The ’738
patent, entitled “Highly insulating monocrys-
talline gallium nitride thin films,” relates to
semiconductor devices manufactured using
a gallium nitride-based buffer technology.
The ’738 patent is owned by the Trustees of
Boston University and licensed to Cree on
an exclusive basis. Boston University is a co-
plaintiff in the suit.The ’738 patent was also
the subject of two prior suits brought by
Cree and Boston University against Nichia
Corporation and AXT, Inc., both of which
resulted in settlements.
Web: www.cree.com
In other patent news, Honeywell agreed to
grant International Display Technology Co.
(IDTech) rights to a patent on technology
for LCDs. Scanner Technologies filed a law-
suit against nVidia claiming infringement of
patents on 3D BGA inspection.And in
China,Avago Technologies is suing Elan
Microelectronics for mouse sensor patent
infringement.
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